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Evaluation of the effects of the public health movement in the
United States during the past thirty years shows that the results have
been attained, for the most part, with respect to the communicable and
infectious diseases, and at the younger ages of life. This is particularly
evident when the evaluation is concerned with an analysis of mortality
rates.
The infant mortality rate, for example, has declined substantially
from 100 per 1000 live births in 1915 to 47 in 1940 for the U. S.
Birth Registration States. The decline in specific death rates for other
age groups from 1900 to 1940 has been as follows: 1-4 years, 85 per
cent; 5-14 years, 74 per cent; 15-34 years, 64 per cent; 35-64 years,
27 per cent; and 65 years and over, 13 per cent. The percentage reduc-
tion in mortality thus progressively decreases with increasing age. It is
evident that the possibility of further reducing mortality and morbidity
at the older age groups presents a challenging opportunity for the
public health and medical professions, especially in view of the fact that
further reduction in mortality at the younger ages becomes increasingly
difficult.
Thepresent study was undertaken with two objectives in mind: (1)
to determine the rate of decline in mortality at ages above forty-five for
various states for which data are available and (2) to study, if possible,
the relation between industrialization and the trend of mortality at the
upper ages. The rationale for the second objective will be discussed
briefly.
Urbanization and industrialization have gone hand in hand. Wu
and Winslow5 showed that the coefficient of correlation between per-
centage rural and the value added to products by manufacturing was
-0.67 forcounties oftheUnited States in 1920. The correlation between
the 1939 male per capita value of products and percentage urban in
1940 was +0.70 for the twenty Death Registration States of 1910;
* From the Department of Public Health, Yale University.YALE JOURNAL OF BIOLOGY AND MEDICINE
and the correlation between the value added by manufacturing and
the percentage urban was +0.69. It is reasonable to assume that
morbidity and mortality are affected by the presence or lack of the
urban-industrial complex, with its problems of sanitation, working con-
ditions, noise, excitement, and dirt, together with the more admissible
features of better hospitalization, medical care, health facilities,
education, and economic resources.
An indication of the relationship is given by the correlation co-
efficients of urban and industrial indices with mortality rates. The
following table shows thecorrelation between three factors of urbaniza-
tion and industrialization and 1940 mortality rates over 45 years, for
the 20 states in the Death Registration Area by 1910:
TABLE 1
Agespecific
deathrates
per 1,000 Percent Malepercapita
population urban Valueaddedby
1940 1940 Value ofproducts manufacturing
45- 54 years +0.50* +0.29 +0.28
55 - 64 +0.65#* +0.54* +0.57##
65 - 74 +0.68** +0.62** +0.66*
75 -84 +0.20 +0.47* +0.45
85 and over -0.28 +0.10 +0.09
#Significant, P <0.05; * *Highly significant, P <0.01
The positive correlations indicate that in 1940 the more urbanized
states possessed the higher mortality rates and that, for mortality at
ages 55-84, the same relation held for the two industrial indices.
Industrialization and urbanization has not grown uniformly over
the United States. If, as indicated above, the complex affects mortality
at the older ages it is conceivable that gradual industrialization is one
of the major factors in controlling the slow decline of mortality at these
ages. If true, one would expect to find that mortality in states attaining
a heavy industrialization will have declined little or not at all, and that
in states still largely rural, mortality at older ages may have declined
more rapidly. It is with this question that the second objective of the
present study is concerned.
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Data and methods
The twenty states* admitted to the Registration Area before 1910 were
selected to provide data for the present study.
Age-specific death rates from all causes for the white population in five
adult age groups (45-54, 55-64, 65-74, 75-84, 85 and over) were available for
the census years 1900, 1910, 1920, 1930, and 1940 in Vital Statistics Rates in
the United States, 1900-1940.3 Rates for five census years only (four for the
ten states not included in the Registration Area in 1900) were used because
they were readily available and possess the merit of being the most accurate
rates, based as they are on recorded and not estimated populations. It is true
that annual rates over the period would give a better estimate of mortality trends,
but in view of the labor involved in computation it was decided to proceed with
the available rates as a trial shaft, the data to be mined more thoroughly if the
results of the present analysis appeared to warrant it. Death rates for the white
population only were utilized, since the difference between white and non-white
rates is large, and the changing proportions of non-white in various states since
1900 have to some extent controlled the trend of mortality in those states.
Three indices were chosen to describe the relative position of states with
respect to the extent of urbanization: (1) the percentage of the labor force in
manufacturing and mining in 1940, (2) the value of manufactured products,
and (3) the value added by manufacturing. The data were extracted from the
Statistical Abstract of the United States, 1943.4 Each index was computed on
the basis of the total and the male labor force, yielding six indices in all. While
the analysis was carried out with all six indices, the outcome was similar for all
of them so that the results for the indices based on males only need be pre-
sented here.
The method adopted for the measurement of the decline in mortality con-
sisted in fitting a straight line to the logarithms of the rates by the method of
least squares. The antilog of the slope (tangent of the angle of the straight line
to the horizontal) less one was taken as the decennial rate of decline. The mean
of the logarithms of the rates is the logarithm of their geometric mean so that
the latter was used as a measure of the level of mortality for the age groups in
the state.
The computations were rapidly performed by the use of orthogonal poly-
nomials, as outlined by Fisher' and Fisher and Yates.2 The method not only
yields the measuring constants with great facility, but tests of significance of the
trends are easily available. F ratios were used to test significance, these being the
ratios of the variances of the amount of information accounted for by the fitted
line to that unaccounted for. The results are presented in table 2, in which a
single asterisk indicates "significance" at the 5 per cent level, and a double
asterisk "high significance" at the one per cent level.
* California, Colorado, Connecticut, Indiana, Maine, Maryland, Massachusetts,
Michigan, Minnesota, Montana, New Hampshire, New Jersey, New York, Ohio, Pennsyl-
vania, Rhode Island, Utah, Vermont, Washington, and Wisconsin.YALE JOURNAL OF BIOLOGY AND MEDICINE
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The second aim of the study, to show the relation, if any, of industrialization
to the trend of adult mortality, was carried out by the method of linear corre-
lation, using the rates of mortality decline as one variable and the industrial
index as the other. The charts of each correlation table were also studied in
detail to assist in the interpretation of the correlation (or lack of it). As a
substantiation, the states were grouped according to the value of their industriali-
zation ratio and regression coefficients computed for the rates for each group of
states for each age group.
Results
Trends of decennial mortality rates: Table 2 presents the results
of the analysis of mortality over 45 years. The geometric mean, and
the decennial rate of change, are shown for each of the five age groups
for each state.
Ages 45-54 years: The geometric mean (hereafter abbreviated to
GM) of the mortality rates at ages 45-54 years ranged from 14.09 in
the case of New York State to 9.24 for Wisconsin. The states sur-
rounding New York State were also high in mortality in this age group,
as were Massachusetts and California. The low values of the GM were
largely found in the non-industrial states.
All of the states exhibited a decline in mortality; for twelve of
them the rate of decline was statistically significant. The significant
trends ranged from -14.61 for Rhode Island to -5.22 for Indiana.
Eight states showed a rate of decline greater than 10 per cent, or more
than one per cent annually. The statistically non-significant negative
trends ranged somewhat lower, the lowest being-3.04 for Vermont.
Ages 55-64 years: The states possessing high average GM for ages
45-54 years also show high rates in the next age group, 55-64 years.
The highest is that for Rhode Island, followed closely by that for New
York. Low rates are again evident for the less industrialized states.
The downward trend of rates is considerably less than that for the
previous age group. Ten states yielded significant negative trends, but
the highest was only -6.91, for Massachusetts. The lowest significant
rate of decline was -2.68, for Ohio. The lowest non-significant rate of
decline was -0.37, for Michigan.
Ages 65-74 years: In thisgroup, Rhode Island again had the highest
average GM, 60.95, and Minnesota the lowest, 44.36. New York, New
Jersey, and Massachusetts also had high mortality rates. As before, it
is to be noted that the lowest GM values were for the non-industrial
states.
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All the states, except Washington and Maine, showed a decline in
mortality. In seven of them the rate of decline was significant, the
significant trends ranging from -5.75 for Rhode Island to -2.46 for
Ohio. All states showed a rate of decline less than 10 per cent. Statis-
tically non-significant trends ranged from -5.51 for Colorado, to
+0.02 for Maine, and +4.04 for Washington.
Ages 75-84 years: The GM of the mortality rates for this age group
ranged from 128.50, again for Rhode Island, to 105.20 for Minnesota.
The mortalitywas also highforMaryland, Pennsylvania, and NewYork.
Low values of GM continued to appear for the non-industrial states.
All the states exhibited a decline in mortality and for seven of them
the rate of decline was statistically significant, the significant trends
ranging from -6.07 for Colorado to +4.54 for Washington. The
statistically non-significant trends ranged from -3.04 for Utah to
+1.25 for Minnesota.
Ages 85 years and over: For this age group the GM of the mortality
rates ranged from 259.4 for Maryland to 219.8 for Washington. Lower
values of GM were again noted for the non-industrial states.
In six of the states exhibiting a decline in mortality the rate of
decline was statistically significant. These trends ranged from -9.55
per cent in the case of Utah to -2.99 for Wisconsin. The statistically
non-significant trends ranged from -3.79 for New Hampshire to
+7.89 for Washington.
With the exception of five states, the data indicate declining mor-
tality in this group. In twelve of the twenty states the rate of decline
was greater than in the previous age group.
Relation of mortality trends to industrialization: The correlation
coefficients between mortality trends and indices of industrialization are
given in table 3.
Anegativecoefficient indicates thatgreater rates of mortality decline
are associated with a greater degree of industrialization. None of the
coefficients are statistically significant, so that little can be said regarding
the extent of the relationship as measured by the correlation method.
However, all but two of the correlations are in the direction of a
greater decrease in rates of mortality decline in the more heavily in-
dustrialized states. This isopposite to the hypothesis which the study was
designed to test, that lower trends of mortality should be found in the
industrial states. It appears then that the results must be interpreted as
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showing that industrialization does not retard mortality decline at the
older ages.
TABLE 3
CORRELATION BETWEEN TREND OF DEATH RATES AND INDICES OF
INDUSTRIALIZATION BASED ON MALES IN THE LABOR FORCE, 1940.
Index of Industrialization
Valueofproducts Valueadded Percentofmale
1939,permalein bymanufacture laborforcein
thelaborforce, 1939permaleinthe manufacturingand
Agegroup 1940 laborforce, 1940 mining, 1940
45 - 54 years -0.039 -0.097 +0.147
55 - 64 -0.122 -0.313 +0.086
65 -74 -0.348 -0.403 -0.269
75 - 84 -0.193 -0.202 -0.123
85 and over -0.419 -0.371 -0.256
In order to describe these findings in a simple and graphic form
the twenty states were classed into three groups according to the value of
products in 1939 per male in the labor force in 1940. The first group,
(A), termed the "industrial" group, consisted of the nine states with
ratios greater than 850 (Connecticut, Indiana, Massachusetts, Michigan,
New Jersey, New York, Ohio, Pennsylvania, and Rhode Island). The
second group, (B), termed the "semi-industrial" group, possessed ratios
between 600 and 850 and were the five states: California, Maine,
Maryland, New Hampshire, and Wisconsin. The third group, (C) the
"lnon-industrial" group, consisted of the six states Colorado, Minnesota,
Montana, Utah, Vermont, and Washington. Age-specific mortality rates
were computed for each group for the years 1910, 1920, 1930, and
1940, and the trend of the logarithms determined by the method men-
tioned above. The results are given in table 4 and Fig. 1.
The industrial group shows a significant decline in all age groups;
in the semi-industrial group the percentage decline is significant in three
of the five age groups, while only one age group, 45-54 years, possesses
asignificantpercentagedecline in thenon-industrial group. A covariance
analysis shows that only the regressions of the age group 75-84 years
show a significant variation among themselves. The variation among
regressions is significant for the five age groups as a whole, however,
and table 4 shows that the greatest percentage declines are found in the
industrial group, while in three of the five age groups the declines are
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progressively lower as we read from the industrial to the non-industrial
group.*
TABLE 4
TREND OF ADULT MORTALITY BY AGE GROUPS CLASSED ACCORDING TO THE
INDEX, VALUE OF PRODUCrS, 1939 PER MALE IN THE LABOR FORCE, 1940.
Decennial percentage decline
Agegroup Industrialstates Semi-industrial states Non-industrialstates
A B C
45 - 54 Years -9*93* -7.79* -8.92*
55-64 -5.07* -3.15 -4.17
65 -74 --4.08** -2.55 -1.05
75 -84 -2.43* -1.05 +0.01
85 and over -3.26* -2.90* -1.71
45 and over -3.33 -2.16 +2.21
* Significant, P <0.05; "* Highly significant, P <0.01
Although not entirely clear-cut, the indications of the analysis are
in the direction of higher rates of decline in the industrialized states.
Again, no evidence is given that the factors comprising industrialization
have retarded the decline in adult mortality, but instead seem to have
accelerated it.
Conclusions
Among the twenty Death Registration States of 1910:
1. Mortality at ages above 45 years has generally been decreasing.
2. The decrease is greater for the younger adult ages than for the
older ones.
3. States showing little or no decline in adult mortality are not the
industrial states. Rather, it would appear that the rates of decline are
greater in industrialized areas than in non-industrialized ones.
* The trend of the total rates for ages 45 and over is also shown in table 4 and
Fig. 1, but offers little information for the present discussion, since these rates are affected
by the increase in the proportion of very old persons in the period 1910-1940. An increase
in mortality is actually shown for the non-industrial group, an increase by no means
reflected in the five age groups separately.452 YALE JOURNAL OF BIOLOGY AND MEDICINE
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